that CT radiation induced cancer remains only a hypothesis, without any definite scientific proof. We conclude that parents should not feel anxiety about allowing their children to have medically indicated CT scans.
When parents are made aware of cancer risks of CT scans, they may choose to withdraw their children from those tests (1, 2, 3, 4) . The Media (television, radio, magazines) have produced hundreds of headlines in recent years on the topic of CT radiation and cancer (5) . Many headlines are constructed to leave the reader with a conclusion that the cancer risk from CT imaging radiation is much greater than it really is (5).
BACKGROUND.
The world of CT changed dramatically and the current Media obsession with cancer risk from CT radiation started on the 19 th June 2001 with the publication on the front page of the newspaper USA TODAY of an article by Steve Sternberg entitled "CT scans in children linked to cancer" (6) . Some readers may have found that the title of this article is alarming. The USA Today article followed three articles in the American Journal of Rontgenology published earlier in 2001 (7, 8, 9) . The first two articles reported that some CT doses for pediatric CT were higher than they needed to be and could be reduced (7, 8) . It was the third article by Brenner that got most attention (9) . This title of this article was "Estimated Risks of Radiation Induced Fatal Cancer from Pediatric CT". This article caught the media's attention. In the text, Brenner clearly indicated that he was only estimating risk and also indicated uncertainties with his estimates. His report was not based on a scientific study. His results were based on theoretical linear extrapolation of cancer risk from massive radiation exposure that occurred from the Hiroshima atomic bomb. He assumed that there was no threshold for radiation risk and that even the tiniest amount of radiation would result in a very small cancer risk. This is the linear no threshold (LNT) hypothesis. Brenner has been both widely quoted and widely criticized for this assumption. He stated that his predicted, hypothetical risks were very small, representing only a 0.35% increase in lifetime cancer risk that was not related to radiation exposure. (9). Brenner's cautionary statements were largely ignored by USA Today. The first sentence in Sternberg's USA Today article was "Each year, about 1.6 million children in the USA get CT scans to the head and abdomen -and about 1,500 of these will die later in life of radiationinduced cancer, according to research out today". This was the first of hundreds of similar statements that have 3 appeared in the media and in peer reviewed articles that either state or strongly imply that CT radiation induced cancer is a definite fact, and not an unproven hypothesis (Tables 1 and 2 ).
The USA Today article received incredible attention. Pediatric Radiologists were faced with a terrible dilemma. How should they respond to the USA Today 2001 article? If they rejected the article they would be challenged to provide proof that there was absolutely no risk from medical radiation; a daunting task. They could not endorse the article and start to deny children medically indicated imaging. This also, was not an acceptable solution. They chose the course of adopting the ALARA (As Low as Reasonably Achievable)
concept. This aimed to lower unnecessary high radiation doses and also ensure that study indications were valid. Unfortunately the past few years have seen an ever increasing emphasis on the ALARA concept and Image Gently campaigns in the medical community; with an increasing number of scientific peer reviewed publications on the topic. This continues to get the attention of the Media.
ROLE OF THE MEDIA.
The negative publicity provided by the Media is real. No article title is a lie. However the titles may sometimes be constructed so that the reader is left with an exaggerated conclusion of the risks of getting cancer from a CT scan. The report on Fox News in 2012 titled "Childhood CT scans can triple risk of brain cancer," is frightening (10) .What the title does not say is that the risk, if any, is unproven hypothesis and also that it would be triple an existing extremely low incidence of natural occurring brain cancer in children and thus still extremely low.
Consumer Reports, with a readership of over seven million, published 5 frightening articles with titles linking CT to cancer in 2015. One example is "The surprising dangers of CT scan -the cancer risk that lurks in your hospital" (11) .
Since 2001 prestigious newspapers, TV stations and magazines have been frightening the public (our patients) with their overstated articles that CT scans cause cancer. Further examples potentially frightening titles and quotations from Media articles are provided in Table 1 .
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The content of all of the media presentations can be discussed under five headings. Subsequent discussion will describe how this media information all originated from peer reviewed scientific articles published in medical journals.
CT scans can cause cancer.
There are many Media articles making specific statements that CT scans can definitely cause cancer .
Quotation examples are given in Table 1 . These may concern parents of our patients.
The dose from CT scans is very high.
Many Media articles quote scientific publications that refer to the dose from one CT scan being equivalent to between 200 and 500 chest x-rays (2, 11, 15, 19, 20, (22) (23) (24) (25) (26) . This may be true, but it does not prove that CT causes cancer.
3. The use of CT scans has grown very rapidly.
Since 1980, the number of CT tests done each year has grown from fewer than 3 million to more than 80 million. Many Media reports of rapid increase in CT scans are disturbing to patients who are already scared of getting cancer from a CT scan (12, 13, (15) (16) (17) (18) (19) (20) 24, 26, 27, 31) . 4 . Children are far more sensitive to radiation-induced carcinogenesis than adults.
Many Media articles quote scientific publications that claim that children have increased sensitivity to radiation and thus increased risks of cancer from CT scans (14) (15) (16) (17) (18) 23) . These Media articles may distress parents, who are naturally worried about the future health of their children.
Physicians must discuss the risks of CT scans causing cancer with parents and patient's cumulative radiation dose must be recorded.
Some Media articles, quoting scientific publications, add fear by recommending that patients need to ask the radiologist about the cancer risks of CT, the dose, the technologist's qualification, the facilities accreditation etc? (16-18,21,32 ). Consumer Reports states that "There is no excuse for patients to be uninformed about risks as basic as radiation" (25) .
Adding concern, are media statements that doctors need to do a better job of talking to patients about the risks and benefits of a test that includes radiation exposure (12) (13) (14) 21, 25, 31) .
MEDICAL PEER REVIEWED JOURNALS AND PROFESSIONAL ORGANIZATIONS.
We have argued that the Media has some responsibility for spreading fear of CT induced cancer, but this is only partly true. The Medical Profession contributes to the problem. Peer reviewed medical journal articles are creating an environment in which radiation is perceived as 'dangerous' and a cause of cancer. They are the source of material used by the Media for their articles. Examples of potentially frightening quotations from peer reviewed articles are provided in Table 2 . We will discuss the content of all of scientific publications under the same five headings that were used above for Media content.
CT scans can cause cancer.
The relationship between medical imaging radiation and cancer remains uncertain and there is no scientific proof that medical imaging radiation causes cancer.
However, many peer reviewed publications make the claim that even a single CT scan can increase cancer risk (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) . Some articles clearly state that the risk, if any, is low and based on hypothesis driven by theoretical extrapolation of high dose radiation from the atomic bomb to low doses (9, 35) . Many articles omit such statements.
Other claims that CT causes cancer are based on dubious epidemiological studies (5, 48, and 49). With over 800 citations the article by Pearce in Lancet in 2012 is probably the best known. In a 2012 editorial, published in the journal 'Radiology', and titled "Cancer risks from CT Scans: Now We Have Data (proof that CT causes cancer), What Next", Brenner states "Now the first results of the first of several ongoing epidemiologic studies of pediatric CT have recently been published by Pearce et al " (35, 48) . "The bottom line is that there were significant linear associations between the radiation dose to the brain and the brain tumor risk" (35) Pearce had no control population. He made no allowance for pre-existing conditions that may be linked with cancer. When allowance is made for pre-existing conditions, two large recent epidemiological studies found no relationship between CT scans and cancer (50 -51).
The dose from CT scans is very high.
Early valid concerns were that pediatric CT scans were being done with excessive radiation; with many institutions not making adjustments on the basis of the examination and using adult exposure settings for children. As a result of national campaigns, this has largely been corrected (2,7,8,35,45 52,,53, 54) . While it is intuitively sensible not to use CT exposure settings greater than needed, this should not be taken as evidence that CT scans cause cancer, as has been done by the Media ( and some scientists).
The use of CT scans has grown very rapidly.
Many scientific publications refer to a very rapid annual rise in the number of CT scans being performed (9, 33, 37, 38, 43, 45, 55) . The rise in the number of annual CT scans is often viewed as bad, increasing the population radiation exposure and the risk of cancer. No article suggests that this is actually an improvement in health care, making a powerful diagnostic tool, CT, more widely available to our pediatric population.
There are valid arguments that CT is being overused. The arguments against over use of CT should, however, be social and economic and not fear of radiation induced cancer. In reality, most non radiation imaging studies are overused in the USA -this is also probably true for all medical consultations. Why the sole focus on overuse of CT?
4. Children are far more sensitive to radiation-induced carcinogenesis than adults.
Claims that children are more sensitive to radiation and are more likely to get cancer from CT scans than adults are found repeatedly in many scientific articles (9, 33, 40, 45, 46, 51) . I do not know if these claims are true or not.
What I do know is that this has never been proven. We only have hypotheses, mainly generated by prestigious 7 committees, and not by basic scientific research. Authors just quote other authors who have made similar claims without basic scientific studies that prove the hypothesis. An article in 2003 refers to another article and states that this article "superbly demonstrates the increased radio sensitivity of children (10 times that of middle-aged adults)" (42) . Unfortunately this referenced article does no original experimental work but just quotes other authors and states "Considerations unique to the pediatric population include increased radio sensitivity of certain tissues, particularly in infancy, a longer lifetime for radiation-related cancer to occur." (41) . Thus is the story that children are more sensitive to radiation than adults perpetuated, without any scientific proof.
Physicians must discuss the risks of CT scans causing cancer with parents and patients.
There are advocates that risks of CT radiation should always be discussed with the patient and that informed consent should be required for imaging with ionizing radiation (56) . One may question the value of these discussions with the patient. The risk, if any, of cancer from CT scans is tiny; the topic is extremely complex and the discussion can only frighten the patient. It does not add value to patient care and is expensive in terms of time resources.
ROLE OF ALARA, IMAGE GENTLY and NATIONAL SOCIETIES.
The Alliance for Radiation Safety in Pediatric Imaging is known as Image Gently (57) . It is currently affiliated with more than 86 national and international organizations (57, 58) . Frush, a co-chair of the Alliance says "at the heart of the matter is the potential risk of medical imaging radiation-induced cancer in children resulting from a CT scan" (57) . Without the impetus of ALARA and the Image Gently Alliance, it is highly probable that we would not have seen the hundreds of peer reviewed scientific articles on CT dose and cancer published over the past 15 years.
CONCLUSION.
We are not saying that imaging radiation cannot cause cancer. This is not known. One can, however, make a powerful case that the risk of CT causing cancer is based purely on hypotheses that remain unproven by rigid 8 scientific studies. We have evolved from hypothesis to accepted fact, without the customary scientific experiment and proof. The risk of CT radiation, if any, is tiny and well below the risks of many other imaging and medical patient interactions, and less than well accepted risks of normal daily living.
We have argued that the ongoing publication of peer reviewed scientific articles dealing with CT radiation is partly responsible for the ongoing Media publication of articles that are causing widespread public fear of CT scans. The general public's perception of the risks from imaging radiation exceeds reality. Our parents may become scared of letting their children have needed CT investigations, because they fear cancer from the CT radiation. Parents need to be advised that if their child is prescribed a medically indicated CT scan, they should agree to the scan with absolutely no worry or concern about cancer risks from the CT study. Head CAT scans for kids could be unnecessary, risk Radiation from C-T scans increases the risk of cancer.
ABC news 2015
CAT scan alert CAT scans can lead to serious consequences.
ABC News 2013
Cancer patient concerned about multiple CT scans CT scan, the radiation dose can be 100-500 times more than an X-ray. The process is not without risks … the damage from radiation (from the mammograms)
Dallas Morning News 2014
We are giving ourselves cancer
The relationship between radiation and the development of cancer is well understood
We are giving ourselves cancer. There is distressingly little evidence of better health outcomes associated with the current high rate of (CT) scans. 
